We investigated the lichen flora of the main habitats existing in Rodnei Mountains identifying 283 lichen species, and one subspecific taxon. Of these, 67 taxa are new records for the lichen flora of Romania, and 182 species are reported for the first time in Rodnei Mountains. Considering previous reports and our results, 442 lichen taxa are reported in Rodnei Mountains region in total, accounting for approx. 35% of the total lichen flora of Romania. When comparing the Red Lists of Romania and surrounding Carpathian countries, our data revealed the presence of a high number of threatened species in the region.
INTRODUCTION
During the last years, various lichenological studies reported new species for the Romanian lichen flora (Crișan, 2006; Çobanoğlu et al., 2009 , 2011 Yavuz & Çobanolu, 2008; Vondrák & Šoun, 2008) , but at the same time, species that had been recorded before, such as Anzina carneonivea (Scheidegger, 1985) and Lepraria incana (Bartók, 1999) are missing in the current checklist (Ciurchea, 2004) . 260 lichen species from 11 locations were previously reported in Rodnei Mountains (Ciurchea, 2004) , and reflected the high species richness of the national park. However, the knowledge of lichen species distribution is still scattered in Romania and some of the species records have not been rechecked since more than a century (Bartok & Crișan, personal communication) .
Conserved areas are well known sanctuaries for threatened species including various groups of lichens (Goward, 1995; Zoller et al., 2000; Nascimbene et al., 2013; Ignatov et al., 2004; Lackovičová & Guttová, 2006) . Furthermore, lichen habitats such as old-growth forest stands and veteran trees in extensively managed meadows with their important lichen microhabitats are often lost in managed and perturbed areas (Wolseley, 1995; Thor, 1995; Scheidegger & Werth, 2009 ).
The aim of this study was to assess the lichen flora of characteristic habitats of the Rodnei Mountains in a replicated design with a standardized lichen diversity assessment. This study should also reveal the importance of conserved areas for the maintenance of lichen diversity in the Rodnei Mountains and thus contribute to decisions about future conservation strategies within this biosphere reserve.
MATERIALS AND METHODS

Study area
The Rodnei Mountains are located in the northern part of the Eastern Carpathians reaching their highest elevation at Pietrosul Mare Peak (2303 m). Most of the study area is part of the Rodnei Mountains National Park, established in 1932 and declared as a UNESCO Biosphere Reserve in 1979.
Climate
Due to the position and orientation (East-West) of the mountains, the climate is characterised by the Baltic and the Oceanic influences. The mean annual temperature decreases with altitude, ranging between 6 °C at the base of the mountains and -1.5 °C at the highest altitudes. Mean annual precipitations range from 1300 to 1400 mm (Gorduza, 1983) .
Sampling
The sampling method was structured according to the sampling design described by Scheidegger (2002) . Four main substrates were considered in each circular plot of 1 ha: trees, dead wood, soil and rock, and for each we applied 6 relevés. If the substrate was not available or it was not colonised with lichens, it was substitued with other available substrates, thus achieving 24 relevés in each plot. All lichen species within a relevé surface of 0.2 m 2 were collected (except the crustose lichens from rocks).
The investigated habitats are well represented in the Rodnei Mountains and follow an altitudinal gradient from wooded meadows to mixed and coniferous forests, to Pinus mugo shrubs and alpine vegetation with bare rocks. Each of the five habitats was analysed at two levels: conserved and managed (except Pinus mugo shrubs and wooded meadows, for which only one type of management was found in the study area). There were seven replicated circular plots of 1 ha for each habitat with its corresponding levels of conservation (i.e., 56 plots in total). The minimum distance between the plots was 100 m. The selection of the 9 sampling localities (Fig. 1) aimed at covering the types of habitat and stand characteristics (Table 1) of the investigated area.
The lichen specimens were identified based on morphological and chemical characteristics using mostly the keys of Smith et al. (2009 ), Wirth (1995 and Tønsberg (1992) .
For the crustose sterile species and the specimens that needed chemical analyses for identification, thin layer chromatography (TLC) was used according to the methods described in White & James (1985) with solvents A, B and C.
The specimens are stored in the Herbaria of "Alexandru Borza" Botanical Garden, Babeș-Bolyai University, Cluj-Napoca, Romania.
Data assessment
The importance of lichen flora in our results was determined by the total number of species, the number of new species for the region, and the new species for Romanian lichen flora. We also took into account the number of species in the Red List of macrolichens from Romania (Bartok & Crișan, personal communication) and the Red Lists of the surrounding countries which harbour the Carpathian mountain ridge: Hungary (Lőkös & Tóth, 1996) , Ukraine (Didukh, 2009) , Slovakia (Pisút et al., 2001) , and Poland (Cieslinski et al., 2003) , with detailed information in Table 2 .
RESULTS AND DISCUSSIONS
We found 283 lichens species and one subspecific taxon for the Rodnei Mountains in 56 plots (Table 3) . We confirmed 102 species that were reported previously, plus 182 taxa that were new records for the region, of which 67 species have never been reported in Romania. (Lőkös & Tóth, 1996) , 96 in the Red List of Slovakia (Pisút et al., 2001) , and 125 in the Red List of Poland (Cieslinski et al., 2003) .
The most species-rich genus is Cladonia, of which we found 43 species in our study area. Even though most species are common, this genus contributed substantially to the lichen species richness of Rodnei Mountains. Table 2 . Red Lists (RL) including the number of lichen species according to IUCN categories: RE -Regionally extinct, CR -Critically Endangered, EN -Endangered, VU -Vulnerable, NT -Near Threatened, LC -Least Concern, DD -Data Deficient, additional category in RL of Hungary: Rrare (problematic species including literature data without voucher specimens and new findings with no further information on the distribution), and in RL of Ukraine: R -rare (species known from few locations, with relatively stable populations but low rates), and Total no of sp. -total number of species in the Red List. , 6, 7, MM2, 6, PM1, 2, 3, 4, 5, 6, 7, WM1, 3, 4, 5, 6, 7, AC1, 2, 3, 4, 5, 6, 7, CC2, 3, 5, 6, 7, CM5, AM1, 3, 4 , 7 Cladonia coccifera (L.) Willd. EN 16 AC1, 2, 3, 4, 5, 6, 7, CC3, AM1, 2, 3, 4, 5, 6, 7, PM7 Cladonia coniocraea (Flörke) Spreng. 28 MC1, 2, 3, 4, 5, 6, 7, MM2, 3, 4, 5, 6, 7, PM3, WM1, 3, 4, 6, 7, CC1, 3, 5, 6, 7, CM5, 6 , AC5, AM3 Cladonia cornuta (L.) Hoffm. VU VU 13 MC2, 4, 5, 7, MM2, 5, 6, PM1, 3, WM3, CC1, CM5, AM7 Cladonia deformis (L.) Hoffm.
RL
4 PM1, CC3, CC5, AM2 Cladonia digitata (L.) Hoffm. 41 MC1, 2, 3, 4, 5, 6, 7, MM2, 3, 4, 6, PM1, 2, 3, 4, 5, 6, WM1, 2, 3, 6, AC1, 2, 3, 4, 5, 6, CC1, 2, 3, 4, 5, 6, 7, CM1, 2, 5 , 3, 7, PM5, WM5, AC5, CC2, 3, 4, 5, 6, CM1, 3, 4, 7 Lepraria lobificans Nyl. 1 R 32 MC1, 2, 3, 4, 5, 6, 7, MM1, 2, 3, 4, 5, 6, 7, PM2, 3, 7, WM1, 4, AC2, CC1, 2, 3, 4, 5, 6, 7, CM2, 3, 4, 6 , 4, 5, 7, MM1, 3, 4, 5, 6, 7, PM7, CC1, 2, 3, 4, 6, 7, CM2, 3, 4, 5, 6, 7 Micarea turfosa (A. Massal.) , 5, 7, MM3, 5, 6, 7, PM4, 5, WM1, 3, CM5, 6, AM5, 6, 7 Placynthiella uliginosa (Schrad.) , 6, AC1, 3, 4, 5, 6, 7 , AM1, 2, 3 Pseudevernia furfuracea (L.) Zopf NT 37 MC2, 3, 4, 5, 6, 7, MM1, 2, 3, 5, 6, 7, PM1, 2, 3, 4, 5, 6, WM1, 2, 3, 4, 5, 6, 7, AC3, CC1, 2, 3, 4, 6, 7, CM1, 2, 4, 5 , 2, 3, 4, 5, 6, 7, WM1, 4, 6, AC1, 2, 3, 4, 5, 6, 7, CC2, 3, 4, 5, AM1, 2, 3, 4, 5, 6 Several inconspicuous taxa (Micarea sp., Placynthiella sp., Scoliciosporum sp., Lichenomphalia umbelifera, Lichenomphalia velutina) possibly overlooked in previous surveys, were found mainly because of the systematic sampling protocol used here, which forced us to consider all lichens present in small sampling plots. Another group of neglected species in Romania includes taxa that only recently have received a thorough taxonomic treatment that makes identification possible in routine lichen diversity assessments. Among these is the genera Lepraria for which we found 13 species, all new for the Rodnei Mountains, and 10 species new for the country.
The numerous new species for the region is mainly due to the fact that the previous studies focused on rocks, whereas substrates such as trees, soil, and wood, were poorly investigated. For example, there are only 49 previously reported species on soil substrate versus the 108 taxa that we report here. We only confirm 158 out of the 260 species present in the previous checklist, which was represented mainly by saxicolous lichens (ca 57 % of total) (APNMR, 2013), including crustose, foliose and fruticose species, whereas in our survey the crustose saxicolous lichens were not sampled.
We found a relatively high number of species that are restricted to conserved habitats in Rodnei Mountains and which are known as indicators of ancient woodland and ecological continuity in forest landscapes (Rose, 1976; Goward, 1995; Wolseley, 1995; Thor, 1995; Gauslaa & Solhaug, 1996) Also species from Red Lists, which depend on rare and often threatened habitats (Thor, 1995) , such as Anisomeridium biforme and Usnea fulvoreagens, are extinct in some regions of the Carpathians (Pisút et al., 2001) (Table  3 ). All these species stress the importance of maintaining their suitable habitats, which are currently restricted to protected areas.
The present study, with its large number of new species for Romanian lichen flora and for the Rodnei Mountains region, suggests the need of more detailed inventories. To this day, there is no official Red List of lichens for Romania, except a manuscript dealing with macrolichens only (Bartok & Crișan, personal communication) . In this context lichen diversity and richness inventories are important for better estimating the degree of threat for each species. This will enable the compilation of a comprehensive Red List of Lichens from Romania that will be an invalu-able tool for promoting lichen conservation in the country (Thor, 1995; Dietrich & Scheidegger, 1997; Scheidegger et al., 2000) .
The high total number of lichen species, the large number of species that appear in Red Lists, together with the indicator species for ancient woodlands and ecological continuity of forest landscapes, underline the high value of conserved habitats in the Rodnei Mountains. The existing National Park here has the potential of conserving a considerable part of the lichen diversity and the lichen's characteristic habitats. Their presence is also important for other groups of organisms, which depend on lichens or their habitats, thus emphasizing the biocomplexity of microbial and invertebrate communities. It is important that at least these "islands" such as Rodnei Mountains to be conserved if otherwise natural resources are still exploited in a non-sustainable manner that is leading to a substantial loss of biodiversity.
